Abstract: Native grasslands are among the most imperiled of the North American ecosystems, with only ∼4% of their pre-settlement area remaining, but some grassland habitats are being restored and maintained through such methods as prescribed burning and mowing, which may provide habitat for animal species endemic to this ecosystem. I determined how succession of the plant community, due to a four-year rotational burn in 16 grassland fragments, influenced species richness and local abundances of small mammals in Illinois, USA. Species richness was relatively low in grasslands that were recently burned and highest in older successional grasslands. The most abundant species, Microtus ochrogaster, M. pennslyvanicus, Peromyscus maniculatus, P. leucopus, and Reithrodontomys megalotis showed very different responses to succession; Microtus spp. were most abundant in older successional grasslands, preferring areas with more cover of bunchgrasses, whereas the other three species were relatively abundant in grasslands of all successional ages. P. maniculatus was most abundant in any habitat that had ample open ground. The grasslands at my study site are a mixture of restored and non-restored grasslands. Overall, adding additional time between burns and restoring more of the grasslands by planting bunchgrasses that are native to this area may increase abundances of most mammal species at my study site.
Introduction
Native grasslands are among the most imperiled of the North American ecosystems, with only ∼4% of their pre-settlement area remaining, which is largely due to the development of agriculture (Samson & Knopf 1994; Steinauer & Collins 1996) . Most of this loss of endemic habitat has been due to the development of agriculture (Samson & Knopf 1994) . However, some grasslands are being restored and maintained through such methods as prescribed burning and mowing, which may eliminate exotic weeds and woody shrubs, preserve native flora, promote nutrient cycling, and provide habitat for animal species endemic to this ecosystem (Steinauer & Collins 1996; Pauly 1997; MacDougall & Turkington 2007) . Succession of grassland plant communities can have a dramatic impact on communities of birds (e.g., Chapman et al. 2004; Grant et al. 2004; Gill et al. 2006) , arthropods (e.g., Sterling et al. 1992; Sanford 2002; Zaitsev et al. 2006; Chauvat et al. 2007; Richardson & Hanks 2009) , and small mammals (e.g., Kaufman et al. 1990; Olson et al. 2003) . I studied how species richness and local abundances of small mammals (mammals hereafter) were influenced by succession caused by prescribed burning in 16 tallgrass prairie fragments (grasslands hereafter) in central Illinois. Natural fires historically occurred about every five to 10 years in this area (Wright & Bailey 1982) , but management of grasslands at my study site involved burning one quarter of the grasslands each year, with the same quarter burned every four years. This regime created a distribution of grasslands of four different successional ages (0-3 years post-burn) and reflects a burn cycle commonly used on public lands in the United States (Clark & Kaufman 1990; Pendergrass et al. 1999; Shriver & Vickery 2001) .
Small mammals that are folivorous (e.g., lemmings and voles), frequently use surface nests of plant debris (e.g., lemmings, voles, and harvest mice), or forage in the litter layer for invertebrates (e.g., shrews), usually decrease in abundance immediately after fire due to the shortage of these resources ). Open ground and grasses often are replaced by perennial forbs during succession (Seastedt et al. 1991; Morghan et al. 2000; Richardson & Hanks 2009 ), thus, I expected abundances of the voles Microtus ochrogaster and M. pennslyvanicus, and most mammals at my study site, to increase with successional age of the habitat and be positively influenced by perennial forbs and negatively influenced by open ground and grasses. Species that forage for seeds or insects in habitats with little herbaceous cover, e.g., Peromyscus spp. and Zapus hudsonius respond positively to short-term impacts of fire because the herbaceous cover is removed ). Thus, I expected abundances of the mice P. maniculatus, P. leucopus, and Z. hudsonius to decrease with successional age of the habitat and be positively influenced • 04 W). Grasslands, woodlands, and croplands accounted for approximately 37%, 36% and 25% of the area respectively and were interspersed throughout the site. Grasslands were divided into 41 units that were burned on a four-year rotation. One quarter of the units, in discrete sections separated by a matrix of other grasslands, woodlands, and croplands, were burned annually between mid-February through mid-April. Most mammals are active year-round and therefore would potentially be vulnerable to direct mortality owing to fires, but I observed no evidence of direct mortality.
Small mammal communities I estimated the species richness (i.e., the total number of species; Sommer 1995) and abundances of mammal populations for each successional age (i.e., 0-3 years post-burn) and each sample date by live-trapping mammals from 10-18 June and 10-17 August 2004 in four grasslands at each age of succession (n = 16). Sampled grasslands ranged in size from 1.52 to 65.1 ha and were randomly distributed throughout JEPC. I placed 50 stations of two Sherman live traps (H. B. Sherman Traps, Inc., Tallahasee, FL, USA) every 10 m along a 500 m long transect. The orientation of each transect was randomly determined and transects were kept greater than 15 m from edges to reduce edge effects. Traps were baited with sunflower seeds and set in four grasslands each night between 17:30 and 21:00. Each grassland was sampled for two consecutive nights during each trapping period. I checked traps each morning between 05:40 and 09:30, identified captured animals, and clipped hair from their rump to detect recaptures. Sampling effort was the same in all grasslands regardless of area.
Sherman traps may result in a biased sampling of the mammal community (O'Farrell et al. 1994 ) and using sunflower seeds for bait may be more likely to attract folivores and less likely to attract insectivores. However, all 10 folivorous and insectivorous mammal species endemic to grasslands in central Illinois were captured (Table 1; Burt & Grossenheider 1980) , in addition to a Mustela frenata so the trapping method was unlikely to influence species richness. However, I likely underestimate the abundances of some mammal populations.
Characterization of habitat I assessed groundcover of plants in the grasslands where I trapped mammals to quantify differences in vegetative structure among grasslands of different successional age. I characterized vegetative structure at all grasslands in June and August. I collected cover data during each sampling period for herbaceous species and woody plants (< 50 cm tall) that were rooted in 40 quadrats (0.25 m 2 ) that were positioned haphazardly within each study plot. I classified cover plants as annual/biennial forbs, bunchgrasses (discrete clumps of grass), sod grasses (non-discrete clumps of grass), woody plants, perennial forbs (perennials hereafter) and legumes. I distinguished between bunchgrass and sod grass, and consider legumes separately from annuals and perennials, primarily because they were spatially separated among plots, thus I predicted that their relative abundance was influenced by successional age of the habitat. Areas of bare soil and plant litter were designated "open ground." I determined the relative abundance of groundcover types by calculating the area of each quadrat that they covered and calculating means for each of the 16 fields. This area was estimated visually and quantified by assigning units based on the following system (after Taft et al. 1995) : 0.5 (0-1% of the total area of the quadrat), 3 (1-5%), 15 (5-25%), 37.5 (25-50%), 62.5 (50-75%), 85 (75-95%) and 97.5 (95-100%).
Statistical analyses I analyzed whether local abundance and species richness differed among fields of different successional ages using a two-level nested analysis of variance (ANOVA), including the terms successional age and sampling month (nested within successional age). Differences between individual means were tested with a Tukey-Kramer means separation test (Sokal & Rohlf 1995) . I characterized differences in vegetation among grasslands with principal components analysis (PCA) with a varimax rotation. I determined which vegetation types most influenced the abundance and species richness of mammals using preliminary, forward, and stepwise multiple regression (Sokal & Rohlf 1995) . The abundance and species richness of mammals were most closely associated with perennials, bunchgrass, sod grass and open ground, so the other groundcover types were not included in the principal components model. Proportional data were arcsine-transformed and other data were log-transformed when necessary to meet assumptions of PCA. I characterized the relationship between successional age and structure of the plant community with multiple linear regression, with the PCA scores as the dependant variable and successional age as the independent variable. I also determined how the vegetation type (using PCA scores) influenced the abundance and species richness of mammals with multiple linear regressions. I included in all my analyses of abundances of individual mammal species only the five most abundant species because too few mammals were collected for the other species to determine statistical significance.
Results
Small mammal communities I captured 749 individuals of 11 species (recaptures not included), the most abundant being M. ochrogaster, M. pennsylvanicus, P. maniculatus, P. leucopus, and Reithrodontomys megalotis which together comprised ∼95% of the total number (total n = 231, 28, 351, 33, and 72 individuals, respectively; Table 1 ). The local abundance of M. ochrogaster and M. pennsylvanicus were positively influenced by successional age, reaching a threshold in older successional grasslands, and date of sampling also influenced the abundance of these species (Table 1 , 2). Species richness also was relatively low in grasslands that were burned most recently (mean ± SE = 2.6 ± 0.38) and was highest in grasslands three years post-burn (mean ± SE = 4.5 ± 0.42; Table 2 ). Local abundance of P. maniculatus, P. leucopus, and R. megalotis was not significantly influenced by successional age (Table 1 , 2). Characterization of habitat Two principal components explained 76.2% of the total sample variation in habitat structure among grasslands (Table 3 ). PC1 separated grasslands that had greater amounts of perennials, bunchgrass, and sod grass and low amounts of open ground from those with few perennials and grasses and high amounts of open ground. PC2 separated grasslands that had greater amounts of bunchgrass and few sod grasses from grasslands that had few bunchgrasses and many sod grasses. Multiple regression using PCA scores indicated that the vegetative groundcover explained by PC 2 differed among successional ages of the grasslands (F 1,30 = 5.3, adj. r 2 = 0.12, P = 0.03), whereas the vegetative groundcover explained by PC 1 did not differ among successional ages of the grasslands (F 1,30 = 0.45, adj. r 2 = 0.0, P = 0.51). In other words, the relative abundance of bunchgrass increased with successional age of the grasslands while the abundance of sod grass decreased with successional age of the grassland. Abundance of M. ochrogaster and M. pennslyvanicus were positively associated with PC 2 (F 1,30 = 20.5, adj. r 2 = 0.39, P < 0.001; F 1,30 = 10.7, adj. r 2 = 0.24, P = 0.003, respectively); mammals of these species therefore were most abundant where bunchgrass was abundant and sod grass was scarce. Abundance of P. maniculatus was negatively associated with PC 1 (F 1,30 = 6.7, adj. r 2 = 0.16, P = 0.01); mammals of this species therefore were most abundant where open ground was abundant and bunchgrass, sod grass, and perennials were scarce. Abundance of P. leucopus and R. megalotis and species richness were not associated with PC 1 or PC 2 (P > 0.05).
Discussion
Mammals readily colonize grasslands after disturbance due to prescribed burning, but patterns of abundance differ among species. P. maniculatus, P. leucopus, and R. megalotis are equally abundant among grasslands of different successional ages. The weak effect of successional age on abundances of these species could be due to large home ranges relative to the size of the grasslands. However, this is unlikely in this case because the size of the home ranges for these species is normally no more than 0.1 ha (Madison 1977; Meserve 1977; Wolff 1985) , which is much smaller than the size of the grasslands. Previous research showed that P. maniculatus was most abundant in areas immediately following burning due to an increase in open ground M. ochrogaster and M. pennslyvanicus are most abundant in older grasslands, and there is a similar trend for most of the remaining species although their numbers are too few for statistical analysis. Increased reproductive success, decreased rates of predation, or movement of individuals from habitats of inferior quality may be the ultimate mechanism influencing the abundance of Microtus spp. in older grasslands. However, the abundance of bunchgrass is likely the proximate mechanism influencing abundance of Microtus spp. A closely related species, Microtus montanus (Peale, 1848), also are more abundant in areas that have a high density of bunchgrass and can dominate these areas (Grant et al. 1982; Pearson et al. 2001) . The dead stems from bunchgrasses form dense mats of detritus in older successional grasslands and may be more suitable for construction of runways or nests compared to sod grasses. Since stems of bunchgrass are somewhat spatially separated, they also may provide the space needed for runways and nests. Therefore, the abundance of Microtus spp. may be determined by the amount of area suitable for nesting.
The grasslands at JEPC are a mixture of restored and non-restored grasslands. The restored grasslands have more native species of bunchgrass, whereas the non-restored areas have more non-native species of sod grass. The type of vegetation within grasslands seems to influence the abundance of mammals more than merely successional age, so successfully restoring and maintaining the structure and function of mammal communities within grasslands may depend on successful maintenance of appropriate vegetation. Since bunchgrass seems to provide more suitable habitat for several mammal species at JEPC, compared to sod grass, restoring additional grasslands by planting bunchgrass may increase the species diversity at my study site. A longer interval between burns also sometimes increases species diversity (e.g., Hartnett & Fay 1998; Kaufman et al. 1998; Powell 2006) . Grasslands at JEPC are burned more frequently as a result of management by humans than what historically occurred in grasslands in this area (Wright & Bailey 1982) , so adding additional time between burns may increase abundances of most mammal species at JEPC. However, the burn cycle at JEPC was devised primarily to limit invasion of grasslands by the tree Gleditsia triacanthos L., which is a rapid colonizer. The invasion of grasslands by woody plants in general is rapid and can convert grassland to a young forest or shrub community within 15 to 20 years (McClain & Anderson 1990; Owens & Cole 2003 ). An increase in abundance of woody plants would ultimately decrease the species diversity of grassland specialists. Therefore, management of grasslands must be a compromise between preventing woody encroachment and allowing for establishment of the diverse animal communities which rely on grasslands.
